ABSTRACT Understanding interspeciÞc competition among insect parasitoids is important in designing classical biological control programs that involve multiple species introductions. Spathius galinae Belokobylskij and Strazenac, a new idiobiont ectoparasitoid from the Russian Far East, currently is being considered for introduction to the United States for biological control of the emerald ash borer, Agrilus planipennis Fairmaire, whereas Tetrastichus planipennisi Yang, a koinobiont endoparasitoid native to China, is another natural enemy that already has been introduced in the same program. In a laboratory study, we examined the potential interactions between these two parasitoids when they compete for the same emerald ash borer host larvae. In multiple-choice assays where healthy emerald ash borer larvae were presented along with emerald ash borer larvae previously parasitized by T. planipennisi at different times, S. galinae attacked host larvae already parasitized by T. planipennisi for up to 4 d, but not 8 d. However, parasitism rates were signiÞcantly lower in previously parasitized hosts as compared with healthy host larvae. In no-choice tests where S. galinae females were presented either with healthy emerald ash borer larvae or emerald ash borer larvae parasitized by T. planipennisi at several earlier time points, S. galinae again parasitized signiÞcantly more healthy host larvae than T. planipennisi-parasitized larvae. These results suggest that the ectoparasitoid S. galinae can discriminate between healthy host larvae and T. planipennisi-parasitized larvae, and competitive interactions between the two parasitoids are likely to be minimal if coreleased by the emerald ash borer biological control program.
InterspeciÞc competition among insect parasitoids is a common phenomenon and occurs both among freeliving adults searching for a shared host and among immature parasitoids developing in or on the same host individual (Godfray 1994 , Mills 2006 , Wang et al. 2008 . Understanding and predicting the potential competitive outcomes of such interactions among natural enemies is important in designing classical biological control programs that include multiple species introductions (DeBach 1966 , Murdoch et al. 1998 , Pedata et al. 2002 , Rossbach et al. 2008 ).
The emerald ash borer, Agrilus planipennis Fairmaire, is a relatively new invasive pest that Þrst was detected in 2002 in Michigan and Ontario (Haack et al. 2002 , Kovacs et al. 2010 . In North America, emerald ash borer infestations now have killed millions of ash (Fraxinus spp.) trees in 15 U.S. states (Illinois, Indiana, Iowa, Kentucky, Maryland, Michigan, Minnesota, Missouri, New York, Ohio, Pennsylvania, Tennessee, Virginia, West Virginia, and Wisconsin) and two Canadian provinces (Ontario and Quebec). Classical biological control efforts against emerald ash borer in North America have led to the introduction and release of three species of parasitoids from northern China: the idiobiont egg parasitoid Oobius agrili Zhang and Huang (Encyrtidae) and the larval parasitoids Tetrastichus planipennisi Yang (Eulophidae) and Spathius agrili Yang (Braconidae) (Liu et al. 2003; Yang et al. 2005 Yang et al. , 2006 Zhang et al. 2005; Liu et al. 2007; USDA-APHIS 2007) . Although S. agrili is an idiobiont ectoparasitoid of older emerald ash borer larvae, T.
planipennisi is a koinobiont endoparasitoid of the same emerald ash borer larval stages. Although O. agrili and T. planipennisi are clearly established at several locations in Michigan, Indiana, and Ohio, establishment of S. agrili has yet to be conÞrmed (Duan et al. 2011a,b; Gould et al. 2011 ).
Subsequently, a new species of idiobiont emerald ash borer larval parasitoid, Spathius galinae Belokobylskij and Strazenac, was discovered in the Russian Far East (Belokobylskij et al. 2012 , Duan et al. 2012a ). This species now has been imported to the USDA quarantine facility at Newark, DE for consideration for release against emerald ash borer in the north central and northeastern United States (Duan et al. 2012a) . Field studies conducted in the Russian Far East showed that the native Russian parasitoid S. galinae was the dominant species attacking emerald ash borer larvae in the Vladivostok area, where it co-occurs with T. planipennisi (Duan et al. 2012a ). In addition, females of S. galinae are about three times larger in body size and have ovipositors that are at least twice as long as those of T. planipennisi (Yang et al. 2006 , Belokobylskij et al. 2012 ). Therefore, they should be able to exploit emerald ash borer larvae feeding under the thicker bark of larger ash trees (Abell et al. 2012 ). This may in fact make introduction of S. galinae highly complementary to the current emerald ash borer biological control program, which primarily involves releases of T. planipennisi. Because S. galinae uses the same larval instars of emerald ash borer l (thirdÐ fourth) as T. planipennisi, however, the potential exists for competition between these two parasitoids and their competitive interactions need to be investigated before deciding whether or not to release S. galinae in the United States.
A recent study by Ulyshen et al. (2010) showed that the koinobiont T. planipennisi did not parasitize emerald ash borer larvae that already were parasitized by S. agrili. However, when the order of presentation was reversed, S. agrili did attack emerald ash borer larvae that were already parasitized by T. planipennisi, but its offspring failed to complete their development on T. planipennisi-parasitized host larvae . Based on those Þndings, Ulyshen et al. (2010) recommended releasing S. agrili and T. planipennisi separately in time or space to avoid antagonistic interactions between these two species. In the current study, we investigate the potential for damaging competition between the Russian parasitoid S. galinae and T. planipennisi in the laboratory, focusing on 1) the ability of adult S. galinae to discriminate between larvae already parasitized by T. planipennisi for different lengths of time and healthy emerald ash borer host larvae, and 2) the outcome of larval competition when the host larvae are Þrst parasitized by T. planipennisi and subsequently attacked by S. galinae with different lengths of time allowed between the Þrst and second speciesÕ attacks.
Materials and Methods
Parasitoids. Adults of both T. planipennisi (F14 ÐF17 generations) and S. galinae (F4 ÐF6 generations) were obtained from laboratory colonies established and maintained with emerald ash borer larvae reared in tropical ash [Fraxinus uhdei (Wenz.) Lingelsh] sticks at the BeneÞcial Insect Introduction Research Laboratory in Newark, DE. The T. planipennisi colony founders were collected in 2008 from parasitized emerald ash borer larvae from Liaoning province in northeastern China (Duan et al. 2011c) , whereas the S. galinae colony founders were collected in 2010 from parasitized emerald ash borer larvae in Vladivostok of the Russian Far East (Duan et al. 2012a) . Throughout these investigations we used only naṏve wasps (those with no previous exposure to emerald ash borer hosts) that were 1Ð3 wk old. Before being used in tests, parasitoids were maintained in environmental chambers (Percival ScientiÞc, Perry, IA) at 25 Ϯ 2ЊC, 55Ð 65% RH, and a photoperiod of 16:8 (L:D) h. Adult parasitoids were housed in ventilated polystyrene boxes (Tri-State Plastics, Latonia, KY) (each 17.6 by 12.6 by 10 cm) or 20 cm (height) by 12 cm (diameter) acrylic cylinders (Consolidated Plastics, Stow, OH). Water was provided for adult parasitoids in a 10-dram clear plastic vial (U.S. Plastics, Lima, OH) Þtted with a 10-cm braided-cotton dental wick (Henry Schein, Melville, NY). Clover honey was streaked on the mesh ventilation circles of the rearing containers (polystyrene boxes or acrylic cylinders) to serve as a food source for adult parasitoids.
Host Larvae. All emerald ash borer larvae (thirdÐ fourth instars) used in the study were reared in ash sticks (1Ð2.0 cm in diameter, 15Ð30 cm long), freshly cut from greenhouse-grown tropical ash trees according to method described in Duan et al. (2012b) . The emerald ash borer eggs used for ash stick infestation were laid on unbleached coffee Þlter paper with an 8.25-cm base (HomeLife, Eden Prairie, MN) by gravid females obtained from emerald ash borer-infested ash trees collected in Maryland or Michigan and reared at USDA ARS BIIR quarantine laboratory on foliage of tropical ash supplemented with pieces of ÔRed DeliciousÕ apples. To obtain emerald ash borer eggs, the mouths of rearing containers (1-liter ventilated plastic cups) were covered with nylon screen (mesh size was 1 mm 2 ) and then with a sheet of coffee Þlter paper on the top to serve as a suitable oviposition site (Duan et al. 2012b) . The Þlter paper with emerald ash borer eggs then was cut into small pieces (each with one to Þve emerald ash borer eggs), which then were placed closely against the surface of ash sticks and wrapped with ParaÞlm strips (BEMIS, BEMIS Flexible Packaging, Neenah, WI). The number of eggs placed on each stick was dictated by the design of the experimentÑ either a single egg per stick or 7Ð10 eggs per stick (see next sections). After placement of eggs, ash sticks were placed upright in ßoral foam bricks (OASIS, Simthers Ð Oasis Company, Hent, OH) saturated with distilled water and a 0.1% solution of methyl paraben (to prevent fungus mold). The water-saturated foam bricks then were placed in storage boxes of 58.4 cm by 41.3 cm by 31.4 cm (Sterilite, Sterilite Corporation, Townsend, MA) and incubated in an environmental chamber at 27 Ϯ 2ЊC, 65 Ϯ 10% RH, and a photoperiod of 16:8 (L:D) h for approximately 5 wk. Previous studies have shown that emerald ash borer eggs normally hatch into neonate larvae in 7Ð10 d, and newly hatched neonate larvae reached thirdÐfourth instars in 4 Ð5 wk under the rearing conditions used in this study (Duan et al. 2012b) .
Discrimination by S. galinae Females Between Healthy and T. planipennisi-Parasitized Larvae. In a multiple-choice test, we measured the ability of foraging S. galinae females to discriminate between healthy emerald ash borer larvae and ones parasitized by T. planipennisi 8, 4, and 0 (Ͻ2 h) d before their exposure to S. galinae. To produce T. planipennisiparasitized larvae for the assay, we exposed emerald ash borer-infested ash sticks to gravid T. planipennisi females for 24 h in ventilated cylindrical arenas (6 cm by 16 cm) either 0 (Ͻ2 h), 4 or 8 d before the assays with S. galinae. Each ash stick used in the exposure to parasitoids was Ϸ15 cm long, 1 cm in diameter, and infested with a single emerald ash borer larva. To ensure high parasitism rate of emerald ash borer larvae by T. planipennisi, we used a 10:1 parasitoid-to-host ratio for each replicate of the "exposure" (i.e., one emerald ash borer larva in an ash stick was exposed to 10 gravid females of T. planipennisi). Parasitization of emerald ash borer larvae by T. planipennisi was done in an environmentally controlled room (25ЊC Ϯ 2ЊC, 50 Ϯ 5% RH, and a photoperiod of 16:8 [L:D] h), where assays with S. galinae were subsequently conducted.
For the actual assay in each test arena (10-cm by 20-cm ventilated acrylic cylinder), we presented 12 gravid female S. galinae with four ash sticks, each containing one emerald ash borer larva, which was either healthy (the controlÑi.e., never exposed to parasitoids) or an emerald ash borer larva that had been preparasitized by T. planipennisi at 0, 4, or 8 d before the assay. The four ash sticks were positioned randomly at equal distance (Ϸ6 cm from each other) inside the arena, standing on water-soaked foam (with Ϸ0.5 cm of the base inside the foam) at the bottom of the arena. At 1, 2, 3, 4, 24, and 48 h after the introduction of S. galinae into the test arena, we observed landing and probing responses of S. galinae wasps to each ash stick containing emerald ash borer larvae of different exposure treatments. At each observation time, we examined each test arena for Ϸ1 min and recorded the number of S. galinae wasps landing onto or probing into each of the ash sticks. Each assay was terminated after a 48-h exposure to the S. galinae wasps. The bark of each exposed ash stick then was removed with a utility knife to expose the emerald ash borer larva in its feeding gallery. Once the emerald ash borer larva was visible (as bark was being removed), we searched for clutches of S. galinae eggs on or near the emerald ash borer larva. We then dissected each emerald ash borer larva to determine whether or not it had been parasitized by T. planipennisi, checking for T. planipennisi eggs or larvae as described by Duan et al. (2011c) . In total, 35 assays (replicates) were conducted with S. galinae for each treatment (various times since T. planipennisi attack). Postassay dissection of the emerald ash borer larvae showed that 15Ð26% of the emerald ash borer larvae exposed to T. planipennisi at different times before exposure to S. galinae were not parasitized by T. planipennisi. After dissection, there were 21 replicates in which all emerald ash borer larvae were either preparasitized by T. planipennisi as intended (at day 0, 4, or 8) or healthy (not parasitized by T. planipennisi) larvae in the controls. Only those (21) effective replicates were used in data analysis.
Competitive Outcome of Immature Parasitoids. In no-choice settings, we presented gravid S. galinae females with ash sticks infested with emerald ash borer larvae that had earlier been exposed to gravid T. planipennisi at either 0 (Ͻ2 h), 4, or 8 d before testing. In the same setting, we also exposed, as controls, ash sticks infested with healthy emerald ash borer larvae (i.e., never exposed to either parasitoid) to only T. planipennisi or S. galinae. Such controls were run for each of the three exposure-time treatments, and were used to measure competition between immature stages of S. galinae and T. planipennisi. We used Ϸ6:1 parasitoid to host ratio (Ϸ5 emerald ash borer larvae in one or two ash sticks ϫ 30 wasps in the test arena) for all the exposure (time) treatments with T. planipennisi and 3:1 parasitoid to host ratio (in the same arena) in subsequent assays with S. galinae. A 48-h exposure time was used for both the pre-exposure to T. planipennisi and the response assays with S. galinae. In total, 10 replicates (each consisting of Ϸ5 emerald ash borer larvae in one or two ash sticks) were conducted for each exposure (time) treatment and its controls (exposure to only T. planipennisi or only S. galinae).
Procedures for preparation of emerald ash borerinfested ash sticks for no choice assays were the same as described previously except that we used larger ash sticks, each with a diameter of 1.5Ð2.0 cm, 20.0 Ϸ 25.0 cm in length, and containing multiple (Ϸ5) emerald ash borer larvae. After the 48-h exposures to a parasitoid treatment, exposed ash sticks with emerald ash borer larvae were incubated for 8 wk to recover adult progeny of either T. planipennisi or S. galinae under the same environmental conditions described previously for parasitoid rearing. Once the adult parasitoid emergence began (normally Ϸ4 wk after the primary exposure), adult progeny of either species were collected and counted every 2Ð3 d. Approximately 1 wk after the last parasitoid emergence, all ash sticks were dissected to determine the rates of parasitism of exposed emerald ash borer larvae by either T. planipennisi and/or S. galinae based on the presence or absence of parasitoid cocoons, dead larval cadavers, or both, in emerald ash borer galleries. Living or dead emerald ash borer larvae that had no evidence of parasitism by either T. planipennisi or S. galinae also were recorded during dissection. However, dead emerald ash borer larvae (with no evidence of parasitism) were excluded from the total sample sizes of the exposed emerald ash borer larvae for each replicate of the treatments. This was because those larvae were found mostly at earlier (Þrst and second) instars, indicating that they most likely died of other factors (e.g., plant resistance and competition) during rearing before their exposure to parasitoids.
Data Analysis. For the multiple choice assay, the cumulative frequencies of the landing and probing responses of S. galinae to ash sticks containing emerald ash borer larvae of different backgrounds were counted. Histograms of probing and landing frequency revealed a non-normal distribution with highest probability near zero (SAS Institute 2010). Thus, we Þrst transformed the data with the square rootfunction and then analyzed the square-root transformed data by using analysis of variance (ANOVA) for randomized block design (with each assay or trial as a block). Square root-transformed means of landing and probing frequencies for different exposure treatments were separated by TukeyÕs honestly signiÞcant difference (HSD) tests (at the error rate ␣ ϭ 0.05); however, untransformed means and standard errors (SE) are presented. Parasitism (host attack) rates by S. galinae were adjusted after dissection as mentioned in the Discrimination by S. galinae Females section, eliminating hosts that were dead or failed to be preparasitized by T. planipennisi. Normal logistic regression analysis was used to detect the differences in the parasitism rates of emerald ash borer larvae by S. galinae among different parasitoid exposure treatments (SAS Institute 2010). Three dummy variables were created using the healthy emerald ash borer larval treatment as the reference group for comparison of the odds ratio for parasitism with other parasitoid-exposure (day 0, 4, and 8) treatments (SAS Institute 2010).
For the no-choice assay, the parasitism rates of emerald ash borer larvae because of S. galinae or T. planipennisi for each replicate of the exposure treatments Þrst were calculated as proportion of emerald ash borer larvae producing either or both species of the parasitoid progeny, plus those containing parasitoid cadavers of either or both species relative to the total number of viable emerald ash borer larvae in the exposed ash sticks. Because of the non-normal distribution of percentage data, we Þrst transformed the data on parasitism rate with the arcsine square root function and then analyzed the transformed data with ANOVA. The mean numbers of the adult parasitoid progeny of either species emerging from each replicate of the experiment were calculated based on the total number of viable emerald ash borer larvae observed upon stick dissection, and analyzed with the same ANOVA and mean comparison procedure. No transformations of the mean number of adult parasitoid progeny were performed before ANOVA because those data were approximately normally distributed, the variance among different treatment groups were not signiÞcantly heterogeneous (LeveneÕs test for homogeneity of variance, all Ps Ͼ 0.01), or both. All statistical analyses were performed using JMP 9.0.2 (SAS Institute 2010).
Results

Multiple Choice Assay: Discrimination by S. galinae
Landing and Probing. The highest number of either landing or probing events was observed on emerald ash borer larvae that had been parasitized by T. planipennisi 4 d before exposure to S. galinae, followed by the control group (healthy emerald ash borer larvae), and then the emerald ash borer larvae parasitized previously by T. planipennisi at 0 or 8 d before expo- Fig. 1 . Frequencies of landing and probing of adults of S. galinae to emerald ash borer-infested ash sticks that had never been exposed to T. planipennisi (i.e., control) or had been exposed previously to T. planipennisi at different earlier times (day 0, 4, and 8). Bars with same Þlled-pattern followed by different letters indicate signiÞcant differences (Tukey HSD tests, P Ͻ 0.05).
sure to S. galinae (Fig. 1) . The average total number of landings (summed over all observations at different time points) (F ϭ 4.84, df ϭ 3, 60; P ϭ 0.0044) and probing events (F ϭ 3.12, df ϭ 3, 60; P ϭ 0.0326) were signiÞcantly greater on emerald ash borer larvae 4 d after T. planipennisi parasitism than 8 d after such parasitism. Other combinations were not signiÞcant (Fig. 1) .
Parasitism by S. galinae. In total, 35 replicates, containing 140 ash sticks infested with emerald ash borer, were examined in the experiment. During dissection, seven dead emerald ash borer larvae (not parasitized by either parasitoid) were observed that died of unknown causes. Parasitism observed in the experiment (Fig. 2) showed that S. galinae parasitized emerald ash borer larvae 0 or 4 d after being parasitized by T. planipennisi, but not after 8 d. The highest parasitism rate (76.2%) by S. galinae was observed for healthy larvae (control), followed by emerald ash borer larvae parasitized by T. planipennisi 4 d earlier (47.6%), and freshly parasitized (day 0) larvae (28.6%). Figure 3 shows eggs of S. galinae on an emerald ash borer larva Fig. 2 . Parasitism by S. galinae of emerald ash borer larvae (Agrilus planipennis) that were either healthy or had been previously parasitized at different earlier times (day 0, 4, and 8) before the assay. Fig. 3 . An emerald ash borer larva (A. planipennis) parasitized by both S. galinae (egg) and T. planipennisi (larvae). This emerald ash larva had been parasitized previously by T. planipennisi at 4 d for before exposure to S. galinae and dissection was done immediately after exposure to S. galinae. parasitized by T. planipennisi 4 d earlier (then containing T. planipennisi larvae). Results from logistic regression analysis showed that T. planipennisi-exposure treatments had signiÞcant effects on host parasitism rates by S. galinae (overall model 2 ϭ 34.396, df ϭ 3, P Ͻ 0.0001). In contrast to the healthy host larvae (control), the odds ratios of host parasitism were 0.13, 0.28, and Ͻ0.0001 for day 0, 4, and 8 T. planipennisi-exposure treatment groups, respectively. The odds ratios of host parasitism for those T. planipennisi-exposure treatments were signiÞcantly lower than that of healthy larvae (for day 0: 2 ϭ 9.95, df ϭ 1, P ϭ 0.0016; day 4: 2 ϭ 3.49, df ϭ 1, P ϭ 0.0543; day 8: 2 ϭ 32.77, df ϭ 1, P Ͻ 0.0001).
No Choice Assay: Parasitism and Competition of Immature Parasitoids
Parasitism. In the treatments in which emerald ash borer larvae were exposed to both parasitoids, preexposure of emerald ash borer larvae to T. planipennisi at different times (day 0, 4, and 8) before exposure to S. galinae resulted in 43.2Ð 61.2% parasitism by T. planipennisi. Those pre-exposure parasitism rates were similar to those in groups of emerald ash borers larvae exposed to T. planipennisi only (68.3Ð 85.4%) ( Table 1 , P Ͼ 0.05 for all tests). Parasitism rates by S. galinae were signiÞcantly lower in the dual parasitoid-exposure treatment (4.0 Ð16.1%) than those in the S. galinae-only exposure treatment (55.7Ð74.8%) for all exposure time treatments (Table 1 , for day 0: F ϭ 5.51, df ϭ 1, 17, P ϭ 0.0256; for day 4: F ϭ 34.69, df ϭ 1, 18, P Ͻ 0.0001; for day 8: F ϭ 5.79, df ϭ 1,18, P ϭ 0.002). Individual emerald ash borer larvae parasitized by both parasitoid species were found in tests with gaps between Þrst and second parasitoid exposure of both 0 and 4 d (but not day 8) and occurred at rates of 15.8% with a 0-d gap and 2.0% with a 4-d gap (Table 1) . However, no emergence of either parasitoid was observed from emerald ash borer larvae parasitized by both parasitoid species (no emergence holes, only dead parasitoids in galleries).
Progeny Emergence. For all exposure-time treatments, the mean numbers of progeny of T. planipennisi (15.2Ð38.2 per host) in the dual parasitoid treatments were not signiÞcantly different from those in T. planipennisi-exposure only (22.3Ð36.7 per host) ( Table 1 , within day 0: F Ͻ 0.01, df ϭ 1, 17, P ϭ 0.9968; within day 4: F ϭ 0.69, df ϭ 1, 18, P ϭ 0.4163; within day 8: F ϭ 2.21, df ϭ 1, 18, P ϭ 0.1544). This indicated that the number of progeny of T. planipennisi was not affected by subsequent exposure to S. galinae attack, even if that attack occurred on the same day as T. planipennisi oviposition.
In contrast, within the same exposure-time treatment, the mean number of parasitoid progeny emerging per larva for S. galinae was always signiÞcantly higher in the healthy larvae (2.73Ð3.88 progeny) than those that had been exposed previously to T. planipennisi (0.22Ð 0.62 progeny) (Table 1, for day 0: F ϭ 7.29, df ϭ 1,17, P ϭ 0.0151; for day 4: F ϭ 26.95, df ϭ 1,18, P Ͻ 0.0001; for day 8: F ϭ 11.02, df ϭ 1,18, P ϭ 0.0038).
Discussion
In both multiple and no choice assays, the idiobiont larval parasitoid S. galinae parasitized emerald ash borer larvae parasitized previously by T. planipennisi for up to 4 d, but not 8 d. However, parasitism rates were signiÞcantly lower in previously parasitized hosts compared with healthy host larvae (not previously parasitized by T. planipennisi). These Þndings indicate that S. galinae has the ability to discriminate healthy host larvae from those already parasitized by T. planipennisi. This suggests that potential negative effects, if any, of releasing S. galinae on the current emerald ash borer biocontrol program involving introduction of T. planipennisi may be greatly reduced by the ability of S. galinae to discriminate healthy emerald ash borer larvae from hosts previously parasitized by other species of larval parasitoids.
A previous study by Wang et al. (2010) showed that the congener emerald ash borer larval parasitoid S. agrili uses volatiles from the hostÕs food plants (ash trees) to locate the hostÕs habitat (via landing on the infested tree trunk or branch) and uses vibrations caused by feeding of emerald ash borer larvae to Þnd the host (via ovipositor-probing into the feeding spot). A recent study also showed that emerald ash borer larvae parasitized by T. planipennis continue to feed for 5Ð7 d before entering a moribund stage, which contain late instars of the parasitoid larvae (Duan et al. 2011c) . Thus, it is not surprising that in our multiplechoice assays S. galinae landed on and probed ash sticks containing emerald ash borer larvae that had parasitized previously (at different time intervals from 0 to 8 d) by T. planipennisi as frequently as those containing healthy emerald ash borer larvae. It is a bit surprising that S. galinae landed onto and probed more frequently (though not statistically signiÞcant) ash sticks containing emerald ash borer larvae preparasitized by T. planipennisi 4 d earlier than those containing healthy emerald ash borer larvae. One possible explanation for this observation is that emerald ash borer larvae parasitized by T. planipennisi 4 d earlier might have enhanced their feeding activities partly from the stimulation by T. planipennisi parasitism, (Duan et al. 2011c , J.J.D., unpublished data), which in turn might enhance the landing and probing responses of S. galinae to the infested ash logs.
Currently, little is known about factors affecting the suitability or acceptability of emerald ash borer host larvae for parasitism (oviposition) by S. galinae upon locating the host via probing into the hostÕs feeding spot. Studies with other groups of parasitoids have shown that chemical, physical cues, or both associated with host larvae play a role in assessing host suitability by foraging adult parasitoids (Vinson and Iwantsch 1980 , Duan and Messing 2000 , Ulyshen et al. 2011 . Results from our multiple-choice assays showed that S. galinae increased its landing and probing behavior on emerald ash borer larvae that had been parasitized 4 d earlier by T. planipennisi, but this did not result in signiÞcantly higher rates of parasitoid oviposition as compared with that on healthy emerald ash borer larvae. This indicates that although S. galinae adults initially were "misled" to land on and probe more frequently ash sticks containing hosts with 4-d-old T. planipennisi stages, parasitoids were able to detect and reject hosts already parasitized by T. planipennisi. In our no-choice assays (Table 1) , we observed only 2.0 Ð15.8% of emerald ash borer larvae containing both cadavers of T. planipennisi and S. galinae for the dualparasitoid exposure treatments at the same day or 4-d time spans, and no dual parasitism of emerald ash borer larvae was observed at the 8-d time separation exposure. In contrast, we observed a much higher parasitism rate (55Ð74%) of healthy emerald ash borer larvae by S. galinae throughout the assays. These results are consistent with those of our multiple choice assays, and further indicate that S. galinae strongly prefers healthy emerald ash borer larvae to T. planipennisi-parasitized larvae, regardless of the time span of the dual parasitoid exposure treatment.
Our no-choice assays also showed that pre-exposure to T. planipennisi, regardless of the time interval between parasitoid exposures, resulted in signiÞcantly fewer F 1 S. galinae progeny produced per exposed emerald ash borer larva. However, this lower number of S. galinae progeny is largely because of fewer healthy (preferred) emerald ash borer larvae available to S. galinae parasitism in the T. planipennisiexposure treatments, and to a much lesser degree, because of the unsuccessful outcome from the competition between immature S. galinae and T. planipennisi in the dual-parasitized emerald larvae.
Finally, we point out that our studies were conducted in small conÞned arenas with an extremely high parasitoid-to-healthy-host ratio in assays with S. galinae. Under Þeld conditions where healthy emerald ash borer larvae generally are abundant (Duan et al. , 2011a (Duan et al. , 2012a , little coparasitism by T. planipennisi and S. galinae, even when released in the same area, would be expected, even if adult S. galinae were not completely able to discriminate healthy emerald ash borer larvae from T. planipennisi-parasitized ones. Considering our Þnding that S. galinae can detect the presence of T. planipennisi, Þeld releases of S. galinae into areas where T. planipennisi is already established or new areas where T. planipennisi is released at the same time, are not likely to result in antagonistic interactions between these two species.
